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Abstract 
A method based on energy dispersive X-ray diffraction (EDXRD) spectrum of illicit objects of complex background 
using coherence function was proposed. After theoretical analysis and calculation of the coherence function, we got 
the best extracting frequency and the numbers of segment, and the results can also ensure that the requirements of 
resolution and smoothness. Then, the spectra of EDXRD of several samples of complex background were identified 
by coherence function, which method has been proved effective and reasonable in identifying the presence of 
suspicious objects packaged with complex background.
© 2009 Published by Elsevier Ltd. 
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1. introduction 
Detection of illicit objects, such as drugs and explosives, has become a hot topic of public safety research, and x-
ray is one of the most widely used means of detection. 
The commercially available equipment includes dual-energy transmission imagers and computed tomography 
scanners. These yield both the effective atomic number and density of the contents of a goal in two-and three-
dimension, respectively. However, these instruments are inherently chemically non-specific, because it is the 
molecular arrangement of the atoms in the material and not the atomic constituents alone that govern the chemical 
properties of the material [1]. Recently, interest has been focused on the development of EDXRD techniques for the 
chemically specific detection of materials. EDXRD is a suitable technique as the shapes and positions of diffraction 
peaks in the measured spectra are characteristic of the scattering substance [2], Furthermore, it can be combined 
with many methods of spectra analysis, such as preliminary optimization study, modeling, multivariate data analysis 
and singular value decomposition [1-5].  
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The identification methods mentioned above are detecting suspicious substance in parcel. But for illicit objects 
covered by complex background, after to being attenuated by background, it’s difficult to identify well by PLS and PCA 
algorithm. Therefore, coherence function analysis was proposed.  
2. EDXRD
X-ray diffraction from crystalline materials is a direct consequence of the superposition of Rayleigh, is described 
by the Bragg relationship [2]: 
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where ¬is the photon wavelength, G is the atomic planar spacing and ©is the scattering angle. 
In the case of EDXRD, it is more convenient to write Eq. (1) in terms of the X-ray energy rather than the 
wavelength:              
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here h is Planck's constant, c is velocity of light, Ȝ is replaced by the photon energy E. Obviously, a primary X-ray 
photon with high energy is scattered under a small scatter angle ș for a given lattice spacing d.  
In order to compare results from different systems, the diffraction profile is expressed as a function of momentum 
transfer, x , which depends on both the photon energy (E) and scatter angle as follows: 
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An EDXRD spectrometer consists of a polychromatic source of X-ray and an energy-resolving detector as shown in 
Fig. 1. 
For the EDXRD apparatus, a solid-state liquid-nitrogen-cooled high purity germanium (HP Ge) detector with 
sufficient energy resolution is adopted. The Canberra planar HP Ge detector with 50 mm2 detector area and 5 mm thick 
has a resolution of 120 eV at 5.9 keV combined with a Canberra spectrum master InSpector 2000. The incident and 
scattered beam collimation is formed by interlocking leaf collimators 50 mm in height and of variable slit width. [6].
3. Data Denoising and Coherence Algorithm 
The concept of coherence 
The coherence function is a frequency-domain measure of similarity between signals, and it is normalized to yield 
values between zero (signals uncorrelated) and unity (signals identical), respectively. More commonly the 
magnitude-squared coherence (MSC) function is used, which can be defined as, 
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where )(ZxyP  is the cross-power spectrum at frequency¹between signals )(tx and )(ty , and )(ZxxP  and 
)(ZyyP  are the power spectra(also known as autospectra) of )(tx and )(ty .
The power spectrum, or power spectral density function, of a continuous time signal is defined as the square 
modulus of the Fourier transform of the signal. 
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Where )(ZP is the power spectrum and )(ZF  the Fourier transform. The amplitude of )(ZP  is always 
positive for a real signal and it represents the signal power which exists in the frequency interval Z to ZZ d .
Power over a finite frequency interval, 1Z to 2Z say, is obtained by integration, thus 
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)(ZP can be regarded as the distribution in frequency space of the variance in the time-domain signal, an idea 
which follows from Parseval's theorem. The Wiener-Khintchine theorem which leads to an alternative definition of 
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the power spectrum on the basis of the time-domain autocovariance function [7], defined as 
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and the power spectrum is then 
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Power spectral estimates 
The classic power spectrum estimation mainly includes the direct method and self-correlation method. In this 
paper, we choose the first. Intercepts the limited length )(nxN , Fourier Transform of )(nxN  is )(ZX . The 
periodogram is given by 
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This function could be applied directly only after the conversion by FFT. Get the values of ¹by dividing the 
unit circle equidistantly. Then, we can obtain:    
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and the discrete frequency periodogram is 
2)(1)( kX
N
kP N                                                (11) 
In actual calculation, suppose the stationary random signal is periodic, and use a sample )(nx instead of  NX .
Then analyze the observations of )(nx by FFT. Thus, we can estimate the power spectrum )(ZP .
But the spectrum calculated by direct method undulates increasingly when data length N is greater; and the 
resolution is not good enough when N is smaller, so it’s necessary to improve the direct method. The main work is 
improving variance properties, there are various ways by which the variance of a spectral estimate can be reduced to 
effect a smoothing operation on the function and render it more intelligible. The simplest method consists of 
averaging adjacent samples in the periodogram according to some weighting function, a process known as 
windowing. More complicated methods such as the Bartlett and Welch methods[8] involve segmenting the time-
domain recording )(nxN  into L sections, and the length of each is M, calculating a periodogram for each, and then 
forming the average of a number of segmental periodograms. Weich method allows segments overlapping. This 
segmenting is illustrated in Fig.1. 
Fig. 1.Illustration of record segmentation 
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Suppose half of each piece of data overlap, then we can get L, 
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We calculate each segment of length M a modified periodogram. That is, we select a data window W(n),
Q=0,...,M-1,and form the sequences X1(n)W(n),….., Xk(n)W(n),then take the finite Fourier transforms of these 
sequences. 
Finally, we obtainthe L modified periodograms, 
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The spectral estimate is the average of these periodograms,i.e., 
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Now the mean is as follows, 
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4. Results
The spectrum data for the simulation of heroin wrapped in the skin which was replaced by pork with 
thickness of 100mm was processed in this paper. The EDXRD spectrum of heroin covered by skin at 
scattering angle of 7eis shown in Fig.2. 
Fig.2. EDXRD profiles of heroin covered by simulation skin of record segmentation. 
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The x-axis represents 1024 channels of MCA, equivalent in energy spectrum of 0-50.69Kev; the y-axis represents 
the number of photons in each channel, equivalent in energy of photon. In Fig.3, the peak at 200 in x-axis is the 
result of fluorescence metallic target, not the result of the material tested, while the value of y-axis is closed to 0 
after 700 in x-axis. So, feature peaks concentrate in 200-712 in x-axis, which is the range of collected data so that it 
reduces the computational complexity. Furthermore, according to numbers of experiment data, the EDXRD 
spectrum has the most powerful signal at scattering angle of 7° in this design, and the data is steady and has good 
repeatability at same scattering angle. So all the data of coherence function analysis is gotten at the scattering angle 
of 7°.  Furthermore, the feature peaks of heroin concentrate in 200-712 in x- axis, which is the range of collected 
data so that it reduces the computational complexity. 
Results of EDXRD spectra with Coherence Algorithm 
The Welch method was used in this paper, in the calculation process, the conflict between number of segments and 
segment length can be solved partly by overlapping segments, because it permits more average to be taken while 
maintaining the same frequency resolution. Therefore, the effect of data analyzing is affected directly by number of 
segments and segment length. 
All the EDXRD spectra of samples were acquired at the same angle for 8 groups, the long of every group data 
was 1024, and then, data were truncatted to form the new group data of 512. Each group data was further denoised 
before calculated by coherent function method. 
Eight groups data of the same material after being cut are connected from beginning to end of each group in order 
and be integrated as a new group data with the length of 8×512, thus the length of coherence data n=4096. In order 
to balance the smoothness and resolution, the data of length 4096 will be separated into different segments in this 
paper. 
The result of Fig.3 is calculated under the condition of L=2, meaning no segment, M=4h512, hanning window, 
1/2 data overlapped. The coherence function between the two groups’ data of heroin covered by skin is shown in 
Fig.3a, while heroin covered by skin and skin in Fig.3b, heroin covered by skin and heroin in Fig.3c. The value of 
peaks above 1 in frequency are mainly above 0.5 in Fig.3, while under 0.3 in Fig.4. So, the best performance of 
coherence function is under the condition of L=2.  
According to the analysis above, the resolution and smoothness can be balanced by cutting data into 2 segments, 
with each length 2048. In practice, the EDXRD spectrum of heroin covered by skin can be recorded in the database, 
which is under the condition of various species of skin and heroin with 8 groups of data in each condition. Data of 
EDXRD spectrum of target material is copied into 8 groups, and it is analyzed by coherence function with data in 
database, then the target material can be identified automatically by the threshold of distribution of coherence 
function. 
5. Conclusion
The EDXRD spectrum of illicit objects packaged with complex background was identified noninvasively by 
coherence function. According to experiments and analysis, some preliminary by coherence functions are made as 
follows: 
Firstly, it's reasonable to process EDXRD spectrum by coherent function algorithm.  
Secondly, extracting EDXRD signal from human by self- design low-energy EDS is not harmful to human. 
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Fig. 3.Coherence function analysis at the condition of 
L=2, M=2048 
Fig. 4.Coherence function analysis at the condition of  
L=4, M=1024
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